Background: Salted egg is one of processed egg products which has a nutrient content that is comparable to the fresh egg, has a longer shelf life and can be consumed by all ages. The main process in the salted egg production is salting (NaCl) 
INTRODUCTION
Eggs are foods with good nutritional density, sources of protein, vitamin A, folate, selenium, choline, phosphorus, and rich in vitamin D, B12, ribofl avin, biotin, and iodine. Compared to other animal protein sources, eggs provide lower calories and the richest mix of essential amino acids as well as having the best protein quality with NPU (net protein utilization) value reaching 96.5 -97.5 (1,2,3). On the other hand, eggs are susceptible to damage, either natural damage, chemical damage or microbiological damage caused by microorganisms attack through the pores of the egg. One common egg preservation technique that easy, cheap, simple and able to maintain the nutritional value of eggs is by processing into salted egg products.
The quality of salted eggs other than affected by shelf life is also infl uenced by the sensory quality which includes taste, aroma, and the egg yolk color and texture. The characteristics of a high quality salted egg are had enough salty taste, the egg yolks have orange to reddish color and sandiness texture, dry (not juicy), no fi shy odor, and oily on the edge of egg yolks. Characteristics of egg yolk is a major factor determining consumer acceptance and market demand (4, 5, 6) .
Based on the processing methods, salted egg can be made by immersing eggs in saturated saline or by coating the egg with the salt paste containing salt, ash, and brick powder. Higher hardness and adhesiveness were found in yolk with the paste coating method, whereas greater fracturability, gumminess, and chewiness were observed with the
MATERIALS AND METHODS
The materials used in this study include: Duck eggs, sodium salt (NaCl), and ash from the local market, potassium salt (KCl) "food grade" obtained from Bratachem Surakarta, teak leave buds (light green colour, soft texture) and bricks powder were obtained from Palur (Surakarta, Indonesia) region, chemical reagents: DPPH (2,2-diphenyl-1-picrylhydrazyl) and BHT(butylated hydroxytoluene) were obtained from Sigma-Aldrich Co. (S. Louis, MO, USA), Na2CO3, folin-ciocalteau reagents, phenol, and methanol from Merck Millipore Co. (Darmstadt, Germany), aquadest and reagents of proximate analysis were obtained from the Food and Nutrition Laboratory, Faculty of Agriculture Universitas Sebelas Maret. The research equipment used was equipment for salted egg production, glassware, magnetic stirrer (Thermo Fisher Scientifi c Inc., USA), a set of sensory analysis tools, Uv-vis spectrophotometers (Genesys 10S, Thermo Fisher scientifi c Inc., USA), Oven (Memmert, Germany), Muffl e furnaces, a set of Kjeldahl tools, a set of soxhlet extraction tools, mortar, vortex.
Preparation of salted eggs
Salted eggs prepared using salt paste which was a brick-ash-salt mixture (2: 1: 1) with and without KCl substitution or teak leave extract addition. The proportion of KCl used was (3:2) or (2:1) (w/w) of NaCl. Teak leave extract obtained from extraction of teak leave buds using distilled water (1:1) which stirred using magnetic stirrer (2500 rpm, 15 minutes). Salted eggs preparation was conducted by coating duck eggs using salt paste, followed by incubation for 14 days. After incubation, the salt paste coating was removed, then the eggs were boiled
Sensory analysis using difference test with multiple comparison test method (15)
Sensory analysis carried out in this study comprised a sensory analysis for the selection of salt paste formulas and sensory analysis for the determination of the sensory quality of the salted eggs prepared using selected salt paste formula. The selection of salt paste formula was carried immersing method (6). The main process of making salted eggs is salting (using NaCl) which will provide salty taste and also serves as a preservative.
Increased of sodium (NaCl) intake and the defi ciency of potassium is a pathophysiology of hypertension. The prevalence of hypertension and stroke risk were positively correlated with sodium intake and negatively correlated with potassium intake. The modified diet with the potassium : sodium ratio of 2 is a very important strategy for the prevention and treatment of hypertension (7). The results of research conducted by Anggara and Prayitno (8) showed that the incidence of hypertension was more common among respondents whose sodium intake was frequent (61.3%) than respondents whose sodium intake was not frequent (9.1%). There was a signifi cant correlation between potassium intake with blood pressure (p = 0.04), the incidence of hypertension was more common among respondents whose intake of potassium was not frequent (51.7%) than respondents who had frequent potassium intake (17.4%). The sodium-potassium ratio is a major factor affecting blood pressure and the incidence of hypertension (9). KCl intakes have been shown to decrease cytosolic blood pressure in hypertensive rats (10). When potassium intake is increased, high intake of sodium is not associated with higher blood pressure (11).
This study aimed to examine the use of KCl and teak leave extract in various proportions for the production of low-sodium salted eggs having antioxidant potential, in terms of sensory quality (color, taste, aroma, texture, and overalls), antioxidant capacity (total phenolic content and free radical scavenging activity), and nutritional values (protein, fat, total mineral, water, and carbohydrate levels). KCl was used for NaCl substitution in salting process. The use of teak leaves is intended to improve the color quality as well as enriching antioxidants of salted eggs. Teak leaves buds are culturally used as a natural food coloring. Research of Hartati et al. (12) showed that teak leave ethanol extract containing fl avonoids and phenolic compounds. Both of these compounds have been reported to have capacity as antioxidants (13, 14) .
out by comparing the color, taste, texture, and overall qualities of the salted egg samples with a reference sample (R, control salted egg: without KCl substitution or teak leave extract addition) using 30 semi-trained panelists. Panelists were asked to show the difference between the sample and the reference (R), whether better, equal or worse and determine the difference intensity. Score 1: very much better than R, 3: better than R, 5: equal to R, 7: worse than R and 9: very worse than R. The salt paste formula that produces salted eggs with comparable sensory qualities with the reference sample (R) was selected for further investigation.
Sensory analysis for the sensory quality determination of salted eggs produced using selected salt paste formulas was conducted in the same manner as the sensory analysis for salt paste formula selection, but the parameters tested were slightly different, i.e. egg white color, egg yolk color, taste, fl avor, texture, and overall qualities.
Analysis of antioxidant potential of salted eggs
The antioxidant potential analysis of salted eggs was carried out by measuring the total phenolic content and antioxidant activity. The total phenolic content was analyzed by the Folin-Ciocalteu method (Singleton and Rossi, 1965 in Yan et al (16) . Antioxidant activity was evaluated by radical scavenging activity (RSA) measurement using DPPH method (17) and expressed as (%) RSA per 100g (dry weight).
Nutritional analysis of salted eggs by proximate measurement (AOAC, 1990) (18)
Nutritional analysis of salted eggs were conducted by measuring protein, fat, total minerals and carbohydrates content. Total protein content was determined by the Kjeldahl method, fat content by soxhlet extraction method, total mineral and moisture content by gravimetric, and carbohydrate content (by different).
Data analysis
The data were analyzed using SPSS Statistics 17.0 program with Analysis of variance (ANOVA) test at signifi cance level of 5% (p<0.05) to determine the effect of treatment. Duncan's Multiple Range The number followed by the same letter in the same column shows no signifi cant difference (p> 0.05). (*): Score 1 = very much better than R, 3= better than R, 5 = equal to R, 7 = worse than R, 9 = very much worse than R. R: salted egg with salt paste control (NaCl + brick-ash mixture)
Test (DMRT) at the same level of signifi cance was conducted to determine the difference between treatments. Data were presented in the average of three replications and its standard deviation.
RESULTS

The salt paste formulation
The formulation of salt paste carried out in this study consisted of 9 formulas, i.e: control (without KCL substitution, without teak leave extract), P1, P2, P1E1, P1E2, P2E1, P2E2, P1E3, and P2E3. P1 and P2 were the formulas with KCl substitution, without teak leave extract. The KCl: NaCl ratio was (3:2 w/w) for P1 and (2:1 w/w) for P2. P1E1 was P1 with adding 25% of teak leave extract 50%, P1E2 was P1 with adding 25% of teak leave extract 75%, P1E3 was P1 with adding 25% of teak leave extract 100%, P2E1 was P2 with adding 25% of teak leave extract 50%, P2E2 was P2 with adding 25% of teak leave extract 75% and P2E3 was P2 with adding 25% of teak leave extract 100%. The salt paste formula was selected based on the sensory analysis result which consists of color, taste, texture, and overall qualities conducted with multiple comparison tests using 30 semi-trained panelists. The salted egg produced with control formula was used as a comparison. The sensory qualities data of salted eggs with various salt paste formulas are presented in Table 1 .
The addition of teak leaves extract 50% could improve the color quality, but has not been able to improve the taste quality of salted eggs that decreased due to KCl substitution. Salted eggs prepared with this formula show a slightly worse taste quality than those of control formula (without KCl substitution). Addition of teak leave extract 75% with the KCl: NaCl ratio of (3: 2 w/w) (P1E2) showed the same color, taste, texture and overall quality as salted eggs prepared without KCl substitution (control formula). The salt paste formulas that produce salted eggs which have the better sensory quality of color, taste, texture, and overalls rather than control formula were salt paste with the addition of teak leave extract 100% (P1E3 and P2E3) and teak leave extract 75%(P2E2). These three formulas were selected for further study. P1, P2, and control formulas were used as the comparison to determine the effect of KCl substitution, the effect of the addition of teak leave extract and the effect of their interaction.
Antioxidant potency of salted eggs prepared with selected salt paste formulas
The antioxidant potency of salted eggs prepared with selected salt paste formula, consisting of the total phenolic content and antioxidant activity was presented in Table 2 .
Based on the data in Table 2 , it is known that KCl substitution had no effect on total phenolic content but increased the free radical scavenging activity of salted eggs. The use of teak leave extract signifi cantly increases the total phenolic content of salted eggs thus increasing its antioxidant activity.
Nutritional quality of salted eggs prepared with selected salt paste formula
The nutrient quality of salted eggs prepared using selected salt paste formulas and control formula is presented in Table 3 . The data in Table 3 indicated that the development of low-sodium salted eggs having antioxidant potential through innovation in salting process with KCl substitution and the addition of teak leave extract exhibits a comparable nutritional quality to the salted eggs which prepared with the control formula. Table 4 showed that salted eggs produced using KCl substitution and the addition of teak leave extract have comparable sensory quality with salted eggs produced using control formula. The sensory quality tested includes egg white and yolk colors, fl avor, taste, and overall.
Sensory quality of salted eggs prepared with selected salt paste formula
DISCUSSION
The salt paste formulation
Based on the sensory quality data in Table  1 , it can be seen that KCl substitution resulted in decreasing quality of color, fl avor, and overall but have no effect on the texture (mouthfeel) quality. The addition of teak leave extract reduced the degradation of the sensory quality due to KCl substitution. The higher concentration of teak leave extract, not only reduced the quality decline, even it was able to improve the sensory qualities of salted eggs.
Antioxidant potency of salted eggs prepared with selected salt paste formulas
The antioxidant potential of salted eggs was determined by measuring the total phenolic content and also antioxidant activity especially free radical scavenging. This was based on Hartati research (12) which state that teak leave ethanol extract contains phenolic compounds. Phenolic compounds are known to act as antioxidants by scavenging free radicals through hydrogen donor mechanisms in ROS (reactive oxygen species) or RNS (reactive nitrogen species), so it inhibits the free radical chain reaction (14, 19) .
Total phenolic content and antioxidant activity of salted eggs made by selected salt paste formula are presented in Table 2 . Salted eggs made by the control formula (using NaCl only) showed free radical scavenging activity. This was related to the presence of carotenoid pigments present in egg yolks and their phenolic compounds. The yellow color intensity of the yolk was infl uenced by the carotenoid content of the feed.The higher carotenoid content in the feed, the duck egg yolk index increased (20). Saty et al. (21) showed that duck eggs have β-carotene levels in the range of 899 -977 mg/100 g. It was infl uenced by the location of the cultivation. Table 2 showed that salted eggs prepared with control formula have a total phenolic content of 126.26 ± 6.96 mg/100g dry weight. One of the mechanisms caused the phenolic compounds providing protective effects against some diseases was the ability of phenolic compounds in scavenging free radicals thus protect biomolecules such as lipids, proteins, and DNA from damages by oxidative stress (22).
The total phenolic content of salted eggs with KCl substitution was not signifi cantly different from salted eggs without KCl substitution (using NaCl only) ( Table 2 ). This indicated that KCl substitution did not affect the total phenolic content of salted eggs. The use of KCl signifi cantly increased the free radical scavenging activity of salted eggs. The higher KCl substitution, the higher the radical scavenging activity. Al-Dabbas et al. (23), reported that the presence of inorganic salts has an effect on the DPPH radical scavenging activity. Potassium salt (K) increases the DPPH radical scavenging activity of BHT. Teak leave extracts added to the salt paste at the concentration of 100% signifi cantly increased the total phenolic content as well as the antioxidant activity of salted egg produced. This was because teak leave extract contains phenolic compounds that are known to play the role of antioxidant by the mechanism of donating hydrogen atoms to radical compounds.
The addition of teak leave extract at the concentration of 75% signifi cantly increased the free radical scavenging activity of the salted eggs although it did not signifi cantly affect the total phenolic content. This indicated that although the contribution of teak leave extract on the phenolic content was relatively small, so it was not signifi cantly different from salted eggs without the addition of teak leave extract (P2), but the phenolic compound had high free radical scavenging capability thus signifi cantly increase free radical scavenging activity of salted eggs prepared by the addition of teak leave extract (P2, E2).
Nutritional quality of salted eggs prepared with selected salt paste formula
Eggs contribute signifi cantly to a healthy diet. Each 100g of eggs provides 151 kcal of energy, 12.5g of protein, 11.2g of fat, some vitamins such as vitamin D, ribofl avin and vitamin B12, folate, choline, biotin, phosphorus, selenium, and zinc (1). Based on nutritional composition, eggs are nutrientdense foods and can be consumed by children during growth, pregnant women, nursing mothers, and those who are in the process of healing after illness (2). According to Nio (24) , the egg white nutritional composition consisted of 87.8% water, 10% protein (albumin, ovalbumin, mucin), 0.05% fat. The egg yolks composed of 49.05% water, 16.7% protein, and 31.6% fat. The nutritional composition of a whole egg was 73.7% water, 13.4% protein and 10% fat.
Egg consumption is generally intended to get a nutritional component. Therefore, this study also examined the nutritional quality of salted eggs prepared with selected salt paste formulas through measurement of moisture, protein, fat, total minerals, and carbohydrate levels. Table 3 showed that salted eggs produced using selected salt paste formulas have nutritional quality (moisture, protein, total minerals, and carbohydrate contents) that were comparable to the salted egg prepared with control formula. This result suggested that the The number followed by the same letter in the same column shows no signifi cant difference (p> 0.05). (*): Score 1 = very much better than R, 3= better than R, 5 = equal to R, 7 = worse than R, 9 = very much worse than R. R: salted egg with salt paste control (NaCl + brick-ash mixture).
development of low-sodium salted eggs having antioxidant potency through KCl substitution and the addition of teak leave extract to the salt paste is very likely to be done.
The sensory quality of the salted egg prepared with selected salt paste formula
The addition of teak leave extract at the concentration of 75% and 100% could improve the egg yolk color quality of the salted egg. This was possible because the absorption of teak leave extracts that having dark red color into the yolk, thus give the higher red yellow color intensity. The color of egg yolks and egg whites made with various salt paste formulas are presented in Figure 1 .
The taste and flavor quality improvement of salted eggs with selected salt paste formulas indicated that the astringent taste of the tannin compound present in the teak leave extract covers up the bitter taste of KCl. The savory fl avor which typical of teak leaves covers the drug fl avor from KCl, so the addition of teak leave extract improved the fl avor quality of salted egg prepared with KCl substitution. Teak leaf buds water extract have red dark color, typical fl avor, and astringent taste (25). It could be concluded that the production of salted eggs with the KCl substitution and the addition of teak leave extract using selected salt paste formulas provided better sensory quality than that of control formula. These results proved that it was possible to develop low-sodium salted egg having potentially antioxidant by the innovation of salting process using selected salt paste formulas
CONCLUSIONS AND RECOMMENDATIONS
Salted eggs produced using salt paste with KCl salt substitution that was intended to reduce sodium level of the salted eggs have a comparable antioxidant potency to the salted eggs that prepared without KCl substitution, unfortunately exhibits inferior sensory qualities. The addition of teak leave extract increased the antioxidant potential and improve the sensory quality of salted egg prepared using KCl substitution. The low-sodium salted eggs having antioxidant potency made using selected salt formulas showed the nutritional quality that comparable with the salted egg prepared using control formula, even providing better sensory quality.
Research on the effect of low-sodium salted eggs diets on both normal and hypertensive control (NaCl) KCl: NaCl (3:2) KCl: NaCl (2:1)
KCl: NaCl (3:2) teak leaf extract 100%
KCl: NaCl (2:1) teak leaf extract 100%
KCl: NaCl (2:1) teak leaf extract 75% Figure 1 . Appearance of salted eggs produced with various salt paste formulas blood pressure, and research on potassium (K) bioavailability was needed to be done to provide more comprehensive information about the health benefits of the low-sodium salted eggs. The information is very useful for the development of low sodium salted eggs that can be consumed for hypertension patient and also as an alternative source of potassium intake (K).
